To achieve high luminosity, a linear collider needs damping rings to produce beams with very small transverse emittances. In the N E , design constraints place the Main Damping Rings in a parameter regime where intrabeam scattering (IBS) is likely to be a limitation on the emittance, and hence on the final luminosity. It is possible to mitigate the effects of IBS hy lengthening the bunch this may be achieved hy redesigning the lattice with higher momentum compaction, or by use of higher harmonic cavities. Here, we consider the latter approach. We estimate the required hunch lengthening that might be needed, outline some appropriate parameters for the harmonic cavities, and discuss some of the effects that might be introduced or exacerbated by the cavities, such as synchronous phase variation along the bunch train.
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THE NLC MAIN DAMPING RINGS
A lattice design for the NLC Main Damping Rings (MDRs) was produce in April 2001 [I] . Some relevant parameters are given in Table 1 . This design met the specifications for damping rate and emittance at low current, hut studies of a variety of collective effects motivated a new design [2] with a longer bunch. Among the effects causing concern was intrabeam scattering, which was estimated to increase the extracted horizontal emittance some way above the specified value. 
Before attempting a new lattice design, the possibility of increasing the bunch length using harmonic cavities was considered. Here, we report on the results of the study of the effects of the harmonic cavities, and discuss the reasons for chwsing a new lattice as the preferred approach to reducing the severity of the collective effects. which becomes strong enough to increase significantly the horizontal emittance only when the vertical emittance has damped to a certain value. At equilibrium, the horizontal emittance is increased to 3.51 pm. The specified extracted emittance is 3.0 pm.
Increasing the bunch length reduces the charge density and thus reduces the IBS growth rates. However the extracted horizontal emittance is a relatively weak function of the natura! bunch length (Figure 2 ): in order to achieve 3 pm extracted emittance, the hunch length needs to be increased to between 4.5 mm and 5.0 mm, depending on the equilibrium vertical emittance. Note that the equilibrium vertical emittance needs to be reduced close to 0.01 pm in order to achieve 0.02 pm extracted, with IBS. 
LENGTHENING THE BUNCH WITH A HIGHER HARMONIC VOLTAGE
The fundamental theory of a higher harmonic RF system is described in [7] . In our case we are interested in hunch lengthening of around 308, which allows the possibility of using a somewhat simplified theory and rather relaxed requirements for the cavity parameters. 
With our parameters, Eq.(3) yields a value for the required peak harmonic voltage of about 80 kV.
Common beam loading models are not adequate to describe the effects with harmonic cavities. For this reawn we use a simple trackmg code, developed hy J. B y d at the Advanced Light Source, in which we compute the transient voltages, induced by the uneven fill, in the main and harmonic RF system. This code is also used for determining the fundamental parameters of the harmonic cavities, based on the target harmonic voltage and the MDR parameters ( Table 2) . At this first stage, the bunches are treated as point-like charges and it is possible to include the effects of the main RF cavities high-order modes and random non-uniformities in the bunch charges (which turn out finally to be negligible). Table 3 reports the main parameters for the third harmonic RF system used in the tracking code. These parameters where chosen to obtain a harmonic voltage higher than the 80 kV reported in the previous paragraph: equations 2 and 3 underestimate the required voltage, since they do not include the additional energy loss due to the harmonic cavity and the phase relation between fundamental and harmonic voltage. 
SIMULATION RESULTS
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As previously stated such parameters for the harmonic cavity can be easily obtained with a traditional single cell copper cavity. The harmonic cavity is tuned 0. Our simulation code tracks the three trains of 192 bunches each and calculates their phases (referred to the main RF frequency) turn by turn. Figure 3 shows the evolution in the hunch phases from an arbitrary initial Fig.6 , showing that the applied voltage is indeed distribution, for the first 8300 turns, which corresponds to the MDR injectionlextraction cycle. It can be seen that the necessary for obtaining the 30% required lengthening. Figure 5 shows the resulting variation of the hunch phases. As a reference, we report also the same variation calculated without the third harmonic cavity, which turns out to be substantially smaller. The phase transient with the harmonic cavity is far larger than the maximum specified for the hunch compressor.
As a final check, the new hunch lengths, after the harmonic voltage is applied, are calculated and reported in 
CONCLUSIONS
Our calculations show that a simple higher harmonic RF system could be easily designed to obtain the hunch lengthening required to overcome the IBS related emittance increase in the NU3 MDR. Because of the intrinsic characteristics of such systems, the effect on the bunch phase distribution would be substantially larger than the maximum specified for the bunch compressor. Though it might be possible to design a more complex system (with energy storage cavities, for instance) able to reduce the phase transient, it was decided to investigate a lattice redesign, which could give a longer hunch without the need for a higher harmonic RF system.
